ABSTRACT A 3-yr study was conducted in Louisiana sugarcane Þeld plots to determine the potential of vegetation management and winter cover crops to enhance abundance of the Þre ant, Solenopsis invicta Buren, other arthropods, gastropods, and spring sugarcane density. Treatments included pea, clover, and vetch cultivars, a weed-free herbicide treatment, a vetch with herbicide on the row tops; and a mixed weeds treatment arranged in a randomized complete block design. Compared with similar studies conducted during the summer months, spring collections of arthropods in pitfall traps were very low and few differences in arthropod densities occurred. Neither cover crop cultivar nor biomass substantially inßuenced arthropod density or cane stand density. Slugs (Limacidae) and earwigs (Dermaptera) were most abundant in mixed weed plots. The highest numbers of carabids in 1994 were found in vetch plots, which tended to have higher biomass than other treatments. Soybean oil-soaked bait cards attracted more ants in clover plots than in the plots with vetch plus herbicide. Compared with previous summer studies, we feel that harsher winter weather and other density independent mortality factors during this study period superseded effects of cover crops, vegetation management and quantity of biomass on arthropod densities during the winter. Although positive impacts of winter cover crops were not detected for the variables measured during the study period these data should not be used to suggest that cover crops do not provide agronomic beneÞt to farmers.
COVER CROPS ARE plants used to modify the crop environment. These may be used during the traditional crop growing season, during the winter, or during the fallow period. In row crops such as sugarcane, interspeciÞc hybrids of Saccharum spp., cover crops are generally used during the nongrowing time of the season and when land is fallow. In tree and fruit crops, cover crops are used throughout the duration of the crop cycle. Cover crops have been shown to modify the following Þve components of the Þeld environment: (1) soil moisture, temperature, erosion and fertility, (2) prey abundance and diversity, (3) predator and parasitoid abundance and diversity, (4) dilution of host plant in environment, and (5) reduction of weed plants. All of these components are closely linked and interact, but their relative importance is difÞcult to assess, probably due to a lack of an overwhelming contribution from any single variable.
The most commonly used cover crops are in the family Fabaceae having root nodules containing NÞxing bacteria. These covers increase the fertility of the soil. Predator habitation is enhanced by providing shelter, alternate hosts, and nectar for parasitoids, though numbers of pest species may also increase (Hoy 1994) . Winter cover crops such as vetch, crimson clover and ÔAustrian winter pea,Õ tend to harbor high numbers of predators, especially in the early spring (Mayse et al. 1983) . Effects of cover crops on abundance of natural enemies have yielded variable results.
Generally, the goal of cover crop planting is to enhance generalist natural enemies, reduce erosion, and increase fertility. The Ôenemies hypothesisÕ suggests that polyphagous predators and parasitoids are primarily responsible for reducing herbivore populations (Root 1973) . As plant community diversity increases (addition of cover crops to a monoculture) more microhabitats are created, allowing for a higher diversity of herbivores that serve as alternate food sources for predators when pest species are limited. Some studies support the enemies hypothesis, but results are variable (Perfecto and Sediles 1992) .
A complimentary hypothesis, the resource concentration hypothesis, predicts that specialist herbivores Þnd, stay in, and reproduce in monocultures of host plants more easily than in polycultures (Root 1973) . In testing the enemies hypothesis, Russell (1989) found that most studies showed higher predation/parasitism rates and higher numbers of natural enemies in poly-cultures than in monocultures. However, he suggests that some studies failing to support the enemies hypothesis were designed incorrectly, but may support the resource concentration hypothesis. Russell (1989) states that sit-and-wait predators operate on a different spatial scale than does a natural enemy that spends a lot of time ßying. A Þeld of small experimental plots of mono-and polycultures may appear as a polyculture to highly mobile insects, while sit-and-wait predators in a polyculture plot are effectively in a monoculture. Small experimental plot sizes and increases in predators and parasitoids of beneÞcial insects may confound results. Likewise, where cover crops are in close proximity to the commodity, predators residing in the cover will more quickly move onto the commodity when pest numbers increase. This close proximity of predators to the commodity reduces the characteristic lag of generalist predators and parasitoids to sudden increase in prey species (Debach 1974) .
Disadvantages of using cover crops are as follows: (1) covers may provide alternate resources for pest species including pathogenic organisms, and (2) covers may compete with the commodity crop directly for water, nutrients, and beneÞcials. Native weeds allowed to persist at noncompetitive levels in sugarcane have been shown to increase Þre ant predation on herbivorous insects (Ali et al. 1984) ; but at high densities, weed induced stress in sugarcane leads to higher phytophagous nematode populations (Showler et al. 1990 ). Ali and Reagan (1985a) found that the Þre ant, Solenopsis invicta Buren was more abundant in weedy than in weed-free sugarcane habitats, and that the relative proportions of beneÞcial to nonbeneÞcial arthropods were affected by weed density during the summer (Reagan 1986 ). Since the late 1950s, S. invicta has been considered the most important among a complex of arthropod predators of sugarcane herbivores, such as Diatraea saccharalis (F.), the sugarcane borer (Reagan et al. 1972 ). This study was designed to determine if classical cover crops planted after cane harvest and left in place during winter through the spring could be used to enhance the survival and abundance of S. invicta and other arthropods. The relationship of cover crop and cover crop biomass production was studied relative to the abundance of S. invicta and of other ground dwelling arthropods. The effects of these cover crops on stand densities of sugarcane were also assessed.
Materials and Methods
After planting of cane Þelds (variety ÔCP 74 Ð383Õ) in late fall of 1994 (at the Sugar Research Station, St. Gabriel, LA), and harvesting of second ratoon (variety CP 74 Ð383) in 1995 (Dugas and Leblanc Plantation, Paincourtville, LA), and second ratoon (variety CP 74 Ð383) in 1996 (Dugas and Leblanc Plantation), seeds of various cover crops were broadcast to furrows, row sides and tops using a hand-held bucket seeder. Plots were arranged in a randomized complete block design with Þve replications. Legumes were planted 1 or 2 d after cultivation of the furrows and row sides. In 1994, treatments were as follows: (A) southern pea, Vigna unguiculata (L.) Walp., (B) hairy vetch, Vicia villosa Roth., (C) white clover, Trifolium repens L., and (D) weedy (indigenous vegetation) plots. In 1994, vegetation biomass on row tops prevented seed from establishing on row tops. In 1995, treatments were as follows: (A) southern pea, (B) hairy vetch, (C) white clover, (D) weedy, and (E) herbicide-treated (7.41 kg/ha of the herbicide metribuzin [Sencor DF] was applied) weed free, except for dead vegetation. In 1996, treatments were as follows (A) Austrian Winter pea, Lathyrus hirsutus L., (B) hairy vetch, (C) ÔCahabaÕ white clover, (D) weedy, (E) herbicide-treated (7.41 kg/ha of metribuzin applied) weed free, except for dead vegetation, and (F) hairy vetch with 7.41 kg/ha of metribuzin applied to row tops. Vetch and pea varieties were planted at 84 kg per ha and clover at 13.3 kg per ha within 2 d after cultivation of the furrows and row sides. Seeds were broadcast on 1 November 1994 and 19 November 1995 (22 by 24 m plots) and 15 December 1996 (30.5Ð30.5 m plots).
Cover crops were allowed to grow until spring of the following year (4 mo). Pitfall traps were installed to monitor slugs (Limacidae) and ground dwelling arthropods, S. invicta, earwigs, carabids, and spiders, similar to the methods of Reagan et al. (1972) . Traps provided continuous sampling of arthropods from 15 March to 2 April 1995, 22 March to 13 April 1996, and from 26 April to 10 May 1997. Representative voucher specimens from these collections were deposited with the Louisiana State Arthropod Museum in the Louisiana State University Department of Entomology. The relative abundance of S. invicta per plot was also evaluated by counting the numbers of ants attracted to within 1 inch of a white thick cardboard disc (25.4 mm diameter by 1 mm) saturated with soybean oil, after 1 h of being in contact with the soil surface, similar to methods by Ali and Reagan (1986b) . One oil bait card was placed on the tops of the Þve center rows per plot in 1995Ð1996, and on the top of the 10 center rows in 1996 Ð1997, near the centers of the plots. Within a couple of days of removing pitfall traps, total vegetation biomass (gram of dry biomass per square meter) and sugarcane stand densities (number of shoots per linear m of row) were calculated. Vegetation biomass was sampled by throwing a 0.5 by 0.5-m square frame near the center of the plot. Two samples were taken from each plot near the sides of the rows and did not include sugarcane plants. Above ground vegetation (living and dead) was clipped as close to the ground as feasible and placed into brown paper lunch bags. These bags were taken to the laboratory and oven dried at Ϸ80ЊC for 48 h. Dry weights of bags with vegetation were obtained using a Mettler PC 440 balance. For stand densities, the number of new growth shoots per three 3.05-m sections of row was counted. Analyses of variance, with TukeyÕs honestly signiÞcant difference (HSD) (SAS Institute 1997) were performed to determine differences in stand densities, cover crop biomass, and arthropod abundance observed in each of the cover crop treatments.
Results
Data for 1994 Ð1995, 1995Ð1996, and 1996 Ð1997 are shown in Table 1 . Differences in stand densities were not detected between treatments for any year. Stand densities of plant cane in 1994 appeared to be decreased by the vetch treatments. Vetch tended to spread up on row tops more than the other cover crops. However, nonsugarcane biomass was signiÞ-cantly (F ϭ 12.02; df ϭ 3, 21; P Յ 0.05) higher in clover and vetch treatments for the 1994 Ð1995 study. Clover and vetch treatments had the highest biomass in 1995Ð 1996, but differed signiÞcantly only from weed-free treatments (F ϭ 3.45; df ϭ 4, 20; P Յ 0.05). In 1994 Ð95, there was a trend for higher numbers of Limacidae in weedy treatments than in vetch treatments (F ϭ 2.93; df ϭ 3, 21; P ϭ 0.057). Dermaptera were also more abundant in mixed weedy treatments than in clover or vetch treatments (F ϭ 4.23; df ϭ 3, 21; P Յ 0.05). Bait card samples indicated signiÞcantly higher S. invicta densities in clover treatments in 1997 than vetch treatments overlaid with herbicides (F ϭ 2.95; df ϭ 5, 24; P Յ 0.05). Carabid numbers were greatest in the high biomass vetch treatments in 1994 (F ϭ 6.67; df ϭ 3, 21; P Յ 0.05). No other insect population densities were signiÞcantly related to biomass.
Discussion
Large amounts of cover crop biomass could potentially cause physical disruption of drainage and retention of rain runoff causing anoxic soil conditions and inhibition of sugarcane germination. Runoff problems would be expected to be enhanced by heavy soils. In 1994 Ð1995 plant cane, high biomass in vetch treatments tended to decrease stand densities. The magnitude of the differences in cover crop biomass was not sufÞcient to differentially affect sugarcane stands.
Although three pitfall traps were installed and continuously sampled in each plot for 3 wk, low numbers of slugs and arthropods were captured. Except for the slugs (Limacidae), animals captured in sufÞciently high numbers for analysis were considered to be generalist predators. The predators captured had relatively high mobility. As cover crops grow in the spring and arthropod activity increases, arthropods would be expected to move into plots having favorable conditions, yielding more distinct differences between cover crop treatments. Such distinct means groupings of organisms between treatments did not occur. Although pitfall trap sampling was extended into May of 1997, profound differences were not detected in numbers of organisms in pitfall traps. There was a tendency for higher numbers of earwigs and slugs to occur in the mixed weeds plots in 1994 Ð1995. Perhaps the diversity of plants found in weed plots provided more suitable shelter or food resources than did the less diverse cover crop treatments. In contrast to our Þndings, Reagan (1985a and 1986a) found higher numbers of S. invicta and spiders in weedy than in weed-free sugarcane. Negm and Hensley (1972) , in reporting the occurrence and role of predaceous arthropods quantiÞed numerous specimens to family and species families and species, and Ali and Reagan (1985b) identiÞed numerous species of spiders inhabiting Louisiana sugarcane Þelds. However, their studies were conducted during the summer months. Our data, inclusive with theirs, suggests that the predominance of harsher winter weather and other density independent mortality factors ascribed by Huffaker et al. (1984) are those that dominate in regulating arthropod populations during winter. Thus, we were unable to substantially enhance arthropod populations by habitat modiÞcation at this time of the year.
Arthropods collected in pitfall traps were identiÞed down to Class or Family levels (except for S. invicta). Some behavioral generalizations can be made at this taxonomic level, but there is certainly information loss. Unfortunately, there were not enough arthropods collected to allow for this Þne scale examination of the different treatments.
Some of the factors that could contribute to variable results on the impact of cover crops in agroecosystems include: differences in year-to-year and Þeld-to-Þeld edaphic conditions, amount of sugarcane trash residue, sugarcane variety, orientation of rows and light penetration, weather, time between Fall harvest and onset of cold weather, density of weeds in and around Þelds, cyclic nature of insects, and general Þeld history. Certainly, the lack of a detectable positive impact of cover crops in this study should not be considered as strong evidence that cover crops do not supply agronomic beneÞt to the sugarcane ecosystem, only that no distinctly measurable beneÞts could be distinguished for the variables examined under these conditions.
